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bias to the AC motor. The resistance of the stator Winding is 
estimated in response to the DC voltage and current bias. 
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DEVICE AND METHOD FOR ESTIMATING THE 
RESISTANCE OF A STATOR WINDING FOR AN 

AC INDUCTION MOTOR 

FIELD OF THE INVENTION 

[0001] This invention relates generally to the thermal 
protection of AC induction motors, and in particular, to a 
device and method for estimating the resistance of a stator 
Winding of an AC induction motor in order to monitor the 
temperature of the Winding. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0002] As is knoWn, organic materials used for stator 
Winding insulation in an AC induction motor are subject to 
deterioration from excessive heat generated in the Winding 
during operation of the motor. While it can be appreciated 
that the stator Winding and the insulation therefore are 
designed not to deteriorate during normal operation of the 
motor, there are situations Where the temperature of the 
Winding can exceed its maximum limit thereby causing 
deterioration of the insulation. These situations on the motor 
include transient overload conditions such as motor stall, 
jam, and start-up; running overload conditions such as an 
overloaded motor; and abnormal cooling situations Wherein 
the How of the cooling air is accidentally obstructed. Insu 
lation failure of the stator Winding degrades the performance 
of the motor and eventually leads to motor failure. Hence, 
thermal protection of a motor is fundamental to proper 
operation of the motor. 

[0003] Typically, stator Winding temperature estimation 
for thermal protection of a motor is based on the thermal 
heat transfer model of an induction machine. Thermal 
devices such as bimetallic strips or eutectic melting alloys 
have been used for protecting the stator Windings of induc 
tion machines. In addition, softWare programs, Which esti 
mate the internal temperature of the induction machine using 
estimated poWer losses and a microprocessor embedded 
thermal heat transfer model of the induction machine, have 
become commercially available. These softWare programs 
use approximated thermal models and assume that the stator 
and rotor resistance RS and RI, respectively, and the thermal 
parameters are ?xed. HoWever, it has been found that use of 
approximated thermal models may result in unacceptable 
temperature estimates When a dramatic change in the ther 
mal situation of the induction machine occurs. 

[0004] Alternatively, a stator resistance estimation tech 
nique may be used for the purpose of monitoring the 
temperature of the stator Winding. As is knoWn, resistance is 
a direct indicator of temperature. Consequently, the tem 
perature of the stator Winding of the induction machine can 
be determined from the resistance thereof. Further, since 
resistance-based temperature estimation is also capable of 
detecting the reduced cooling ability of the induction 
machine, resistance based temperature estimation provides 
signi?cant advantages over conventional thermal model 
based methods. 

[0005] An example of a device and method for estimating 
the resistance of a stator Winding of an induction machine is 
shoWn in Paice, US. Pat. No 4,083,001. The device includes 
an asymmetric resistance device taking the form of a circuit 
having tWo parallel branches With diodes connected With 
opposite polarity in the tWo branches so that the device is 
conductive in both directions. The asymmetric characteris 
tics are obtained by using different numbers of diodes in the 
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tWo branches so that the resistances are different. During 
operation of the AC motor, a small direct current component 
is introduced. The resistance of the stator Winding is then 
determined from measurements of the direct current com 
ponent and the corresponding voltage. As heretofore 
described, since resistance is a function of temperature, the 
temperature of the stator Winding may be monitored. 

[0006] While functional for its intended purpose, the 
device and method disclosed in the Paice ’001 patent have 
certain disadvantages. For example, a user has no control 
over the magnitude of the DC current and voltage supplied 
to the AC motor. As such, the functionality of the device and 
method shoWn in the Paice ’001 patent may vary depending 
on the siZe and the value of the resistance of the AC motor. 
Further, the device disclosed in the Paice ’001 patent is 
operatively connected to the AC motor at all times. HoW 
ever, the change in resistance of the stator Winding of an AC 
motor changes sloWly over time. Hence, it is unnecessary for 
a user to constantly measure the resistance of the stator 
Winding. Further, the DC offset generated by the device 
shoWn in the Paice ’001 patent generates a torque pulsation 
in the AC motor that is proportional to the DC current and 
voltage bias injected thereto. As a result, a signi?cant 
amount of energy may be Wasted through the use of the 
device and method disclosed in the Paice ’001 patent. 

[0007] Therefore, it is a primary object and feature of the 
present invention to provide a device and method for esti 
mating the resistance of a stator Winding of an AC induction 
motor Which is simple and inexpensive to utiliZe. 

[0008] It is a further object and feature of the present 
invention to provide a device and method for estimating the 
resistance of a stator Winding of an AC induction motor 
Which dissipates small amounts of energy during use. 

[0009] It is a still further object and feature of the present 
invention to provide a device and method for estimating the 
resistance of a stator Winding of an AC induction motor 
Which injects a DC voltage and current bias to the AC 
induction motor only during predetermined time periods. 

[0010] In accordance With the present invention, a device 
is provided to estimate the resistance of a stator Winding of 
an AC motor. The AC motor has a motor terminal connect 
able to an AC source for providing voltage and current to the 
AC motor. The device includes a resistor circuit having a 
?rst input node and a second output node. The input node is 
connectable to the AC source and the output node is con 
nectable to the motor terminal. A sWitch is connected in 
parallel With the resistor circuit. The sWitch is movable 
betWeen the ?rst open position and a second closed position. 
A voltmeter is provided for measuring the voltage drop 
across the resistor and an ammeter is provided for measuring 
the DC current supplied to the motor terminal. A digital 
signal processor is operatively connected to the sWitch, the 
voltmeter and the ammeter. The digital signal processor 
controls the movement of the sWitch betWeen the open and 
closed positions so as to inject a DC voltage and current bias 
to the AC motor. In addition, the digital signal processor 
estimates the resistance of a stator Winding in response to the 
DC voltage and current bias. It is contemplated that the 
sWitch be either a MOSFET or an IGBT. 

[0011] In accordance With a still further aspect of the 
present invention, a method is provided for estimating the 
resistance of a stator Winding of an AC motor. The AC motor 
has a motor terminal connectable to an AC source for 
supplying voltage and current to the AC motor. The method 
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includes the steps of connecting a resistor circuit and a 
sWitch in parallel and providing the same as a DC injection 
circuit. The motor terminal is interconnected to the AC 
source With the DC injection circuit. The sWitch is opened 
during a ?rst half cycle of each complete alternation of the 
current supplied to the AC motor and closed during a second 
half cycle of each complete alternation of the current sup 
plied to the AC motor so as to inject a DC voltage and 
current bias to the AC motor. The resistance of the stator 
Winding is estimated in response to the DC voltage and 
current bias. 

[0012] In a ?rst embodiment, the DC voltage is measured 
betWeen the motor terminal and a neutral point during a 
sample time period and is provided as the line-neutral 
voltage. The DC current injected to the AC motor is also 
measured during the sample time period and provided as the 
line current. The resistance of the stator Winding is estimated 
according to the expression: 

RS=vas/las 
[0013] wherein R5 is the estimated resistance of the 

stator Winding; vas is the line-neutral voltage; and ias 
is the line current. 

[0014] Alternatively, in a second embodiment, the DC 
voltage drop across the sWitch is measured during a sample 
time period and provided as the sWitch voltage. As such, the 
resistance of the stator Winding may be estimated according 
to the expression: 

[0015] wherein R5 is the estimated resistance of the 
stator Winding; v W is the sWitch voltage; and ias is 
the line current. 

5 

[0016] In a third embodiment, the AC motor may include 
a second motor terminal connected to the AC source by a 
line in order to provide voltage and current to the AC motor. 
The DC voltage drop betWeen the ?rst and second motor 
terminals is measured during a sample time period and 
provided as the line-line voltage. As such, the resistance of 
the stator Winding may be estimated according to the expres 
s1on: 

[0017] wherein R5 is the estimated resistance of the 
stator Winding; vab is the line-line voltage; and ias is 
the line current. 

[0018] It is contemplated that the resistor circuit include a 
resistor and the sWitch be either a MOSFET or an IGBT. The 
opening and closing of the sWitch occur at Zero crossings of 
the current supplied to the AC motor by the AC source. The 
opening of the sWitch during the ?rst half cycle of each 
complete alternation of the current supplied to the AC motor 
and the closing of the sWitch during the second half cycle of 
each complete alternation of the current supplied to the AC 
motor occur for predetermined time periods. It is contem 
plated that the ?rst half cycle be the positive half cycle of 
each complete alternation of the current supplied to the AC 
motor and the second half cycle be the negative half cycle 
of each complete alternation of the current supplied to the 
AC motor. 

[0019] In accordance With the further aspect of the present 
invention, a method is provided for estimating resistance of 
a stator Winding of a three phase, AC motor. Each phase of 
the AC motor is connectable to an AC source for supplying 
voltage and current to the AC motor. The method includes 
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the steps of providing a resistor circuit and a sWitch in 
parallel and providing the same as a DC injection circuit. A 
?rst phase of the AC motor is interconnected to the AC 
source by the DC injection circuit. A DC voltage and current 
bias is injected to the AC motor With the DC injection 
circuit. The resistance of the stator Winding is estimated in 
response to the DC voltage and current bias. 

[0020] The step of injecting the DC voltage and current 
bias to the AC motor includes the steps of opening the sWitch 
during the ?rst half cycle of each complete alternation of the 
current supplied to the AC motor and closing the sWitch 
during the second half cycle of each complete alternation of 
the current supplied to the AC motor. The DC voltage and 
the current bias to the AC motor is injected for a predeter 
mined period of time. 

[0021] In a ?rst embodiment, the DC voltage is measured 
betWeen the ?rst phase of the AC motor and a neutral point 
during a portion of the predetermined time period and is 
provided as the line-neutral voltage. The DC current injected 
to the ?rst phase of the AC motor is also measured during the 
sample time period and provided as the line current. The 
resistance of the stator Winding is estimated according to the 
expression: 

[0022] wherein R5 is the estimated resistance of the 
stator Winding; vas is the line-neutral voltage; and ias 
is the line current. 

[0023] Alternatively, in a second embodiment, the DC 
voltage drop across the sWitch is measured during a portion 
of the predetermined time period and provided as the switch 
voltage. As such, the resistance of the stator Winding may be 
estimated according to the expression: 

[0024] wherein R5 is the estimated resistance of the 
stator Winding; v W is the sWitch voltage; and ias is 
the line current. 
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[0025] In a third embodiment, the AC motor may include 
a second motor terminal connected to the AC source by a 
line for providing voltage and current to the AC motor. The 
DC voltage drop betWeen a ?rst and a second phase of the 
AC motor is measured during a portion of the predetermined 
time period and provided as a line voltage. As such, the 
resistance of the stator Winding may be estimated according 
to the expression: 

[0026] wherein R5 is the estimated resistance of the 
stator Winding; vab is the line-line voltage; and ias is 
the line current. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The draWings furnished hereWith illustrate a pre 
ferred construction of the present invention in Which the 
above advantages and features are clearly disclosed as Well 
as others Which Will be readily understood from the folloW 
ing description of the illustrated embodiment. 

[0028] 
[0029] FIG. 1 is a schematic vieW of an AC induction 
motor system incorporating a DC injection circuit in accor 
dance With the present invention; 

[0030] FIG. 2 is a schematic vieW of the DC equivalent 
circuit of the AC induction motor system of FIG. 1; 

In the draWings: 
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[0031] FIG. 3 is a diagram of a Waveform showing the 
voltage drop across the DC injection circuit of the present 
invention over time; and 

[0032] FIG. 4 is a timing diagram shoWing operation of 
the DC injection circuit of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0033] Referring to FIG. 1, a three-phase, AC induction 
motor is generally designated by the reference numeral 10. 
As is conventional, AC induction motor 10 is represented as 
three Windings 12a-12c connected in a Wye arrangement. It 
can be appreciated that AC induction motor may be con 
nected in a delta arrangement Without deviating from the 
scope of the present invention. Stator Windings 12a-12c of 
AC induction motor 10 are operatively connected to an AC 
source 16 through corresponding supply lines 18, 20 and 22, 
respectively, at motor terminals 24, 26 and 28, respectively. 

[0034] In order to inject a DC voltage and current bias to 
AC induction motor 10, a DC injection circuit, generally 
designated by the reference numeral 40, is provided in one 
of supply lines 18, 20 or 22 Which interconnects AC source 
16 to AC induction motor 10. By Way of eXample, DC 
injection circuit 40 is provided in supply line 18. HoWever, 
it is contemplated that DC injection circuit 40 be alterna 
tively provided in supply lines 20 or 22 Without deviating 
from the scope of the present invention. 

[0035] Referring to FIG. 2, the DC equivalent circuit of 
the circuit of FIG. 1 is generally designated by the reference 
numeral 42. The resistances R5 of the stator Windings 12a 
12c of AC induction motor 10 are shoWn as resistors 44, 46 
and 48 and the resistances RSource of the AC source 16 in 
corresponding supply lines 18, 20 and 22 are shoWn as 
resistors 50, 52 and 54. DC injection circuit 40 is operatively 
connected to a controller 60 through line 62 in a manner 
hereinafter described. Controller 60 is operatively connected 
to a DC voltmeter 61 and a DC ammeter 63 for receiving 
various DC signals as hereinafter described. 

[0036] DC injection circuit 40 includes a transistor 56 and 
a resistor 58 having a knoWn resistance ReXt connected in 
parallel. In a preferred embodiment, transistor 56 is an 
n-channel enhancement type, poWer metal oXide-semicon 
ductor ?eld-effect transistor (MOSFET). HoWever, it is 
contemplated that transistor 56 may be an insulated gate 
bipolar transistor (IGBT) Without deviating from the scope 
of the present invention. The drain of the transistor 56 is 
operatively connected to AC source 16 and the source of 
transistor 56 is operatively connected to motor terminal 24 
of AC induction motor 10. As is knoWn, the How of electrons 
from the source of transistor 56 to the drain of transistor 56 
is controlled by the voltage applied to the gate. In other 
Words, the on/off state of transistor 56 is controlled by the 
voltage applied to the gate. As such, the gate of the transistor 
56 is operatively connected to controller 60 Which, in turn, 
controls the opening and closing of transistor 56 for reasons 
hereinafter described. 

[0037] In accordance With the method of the present 
invention, the DC injection circuit of the present invention 
as tWo modes of operation: a DC injection mode and a 
normal mode. In the DC injection mode, DC injection circuit 
40 injects a DC voltage and current bias on supply line 18 
to AC induction motor 10 for estimation of the stator 
Winding resistance RS. During the normal mode, a DC 
voltage and current bias is not injected on supply line 18 to 
the AC induction motor 10. 
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[0038] In the normal mode, controller 60 provides a volt 
age to the gate of transistor 56 so as to turn transistor 56 on. 
With transistor 56 on, the resistance Rd5 across transistor 56 
is in parallel With the resistance Rext across resistor 58. It is 
noted that the resistance Rd5 across transistor 56 is minimal. 
As such, the resistance across DC injection circuit 40 is 
negligibly small, and hence, the poWer dissipated by the 
transistor 56 during operation of the DC injection circuit 40 
in the normal mode is very loW. For reasons hereinafter 
described, in the DC injection mode, transistor 56 is turned 
off When the AC current Ias conducting through the DC 
injection circuit 40 is positive such that the transistor 56 acts 
like an open circuit. 

[0039] During start up, controller 60 turns transistor 56 on 
as heretofore described. The AC current Ias on the supply 
line 18 conducts through transistor 56 thereby minimiZing 
the poWer dissipated by the DC injection circuit 40 during 
the initial negative half cycle of the AC current Ias supplied 
to AC induction motor 10. During the positive half cycle of 
the AC current I35, transistor 56 is turned off by controller 60 
such that the AC current Ias conducts through resistor 58. 
Since the resistance Rext of resistor 58 is greater than the 
resistance Rd5 across transistor 56, the DC voltage drop 
across DC injection circuit 40 is proportionally greater When 
transistor 56 is off. As best seen in FIG. 3, as the process is 
repeated over time, an asymmetrical AC voltage drop vSW 
occurs across the DC injection circuit 40 Which, in turn, 
injects a DC voltage and current bias to the AC induction 
motor 10. In order to minimiZe sWitching losses, the tran 
sistor 56 is turned on and off by controller 60 at the Zero 
crossings of the AC current Ias at a sWitching frequency less 
than 50 HertZ. 

[0040] In order to estimate the resistance R5 of stator 
Windings 12a-12c, one of the folloWing DC voltage drops 
must be measured in any suitable manner, such as by 
voltmeter 61: 

[0041] 1) the DC voltage drop vSW across DC injec 
tion circuit 40; 

[0042] 2) the DC voltage drop vab betWeen motor 
terminals 24 and 26; or 

[0043] 3) the DC voltage drop vas betWeen motor 
terminal 24 and a neutral point in AC induction 
motor 10. 

[0044] For reasons hereinafter described, the measured 
voltage drop is provided as an input to controller 60. In 
addition, ammeter 63 is provided in supply line 18 betWeen 
DC injection circuit 40 and motor terminal 24 of AC 
induction motor 10 to measure the DC component idc of the 
phase current I85. Similarly, for reasons hereinafter 
described, the measured DC current Idc is provided as an 
input to controller 60. 

[0045] Controller 60 includes a microprocessor pro 
grammed to calculate the estimated resistance R5 of stator 
Windings 12a-12c. In a ?rst embodiment, if voltmeter 61 is 
used to measure the DC voltage drop vas is measured 
betWeen motor terminal 24 and a neutral point in AC 
induction motor 10, the resistance of R5 of stator Windings 
12a-12c is estimated according to the expression: 

[0046] wherein R5 is the estimated resistance of the 
stator Winding; vas is the line-neutral voltage; and idc 
is the DC line current uncovered by ammeter 63. 
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[0047] Alternatively, in a second embodiment, if voltme 
ter 61 is used to measure the DC voltage drop vSW across the 
DC injection circuit 40, the resistance R5 of stator Windings 
12a-12c is estimated according to the expression: 

[0048] wherein R5 is the estimated resistance of the 
stator Winding vSW is the voltage drop across the DC 
injection voltage; and idc is the line current measured 
by ammeter 63. 

[0049] In the third embodiment, if voltmeter 61 is used to 
measure the DC voltage drop vab betWeen motor terminals 
24 and 26, the resistance of stator Windings 12a-12c is 
estimated according to the expression: 

[0050] wherein R5 is the estimated resistance of the 
stator Winding; vab is the line-line voltage; and idc is 
the DC line current measured by the ammeter 63. 

[0051] It may be appreciated that it is easier to measure the 
DC voltage drop vSW across DC injection circuit 40 than to 
measure the line-line or line-neutral voltages vab and veg, 
respectively, since the superimposed AC component is much 
larger When using the motor terminal voltages. Since voltage 
drop vSW across DC injection circuit 40 is much smaller as 
compared to the motor terminal voltages, the resolution of 
the measurement of the voltage drop vSW across DC injection 
circuit 40, as Well as, the accuracy of such measurement is 
high. HoWever, it is understood that for purposes of esti 
mating the resistance R5 of stator Windings 12a-12c, the 
source resistance RSource and the cable resistance have been 
ignored. For small motors, it can be assumed that the 
resistance and temperature variation of the source and the 
cable is negligible as compared to the resistance and tem 
perature variation of stator Windings 12a-12c of AC induc 
tion motor 10. 

[0052] Referring to FIG. 4, a proposed timing diagram 
shoWing operation of the DC injection circuit 40 is provided. 
As heretofore described, for each period of DC injection, 
there are tWo modes of operation: the DC injection mode and 
the normal mode. It is contemplated to provide ?rst and 
second time intervals TO and T1, respectively, in the DC 
injection mode. Since there is a short transient immediately 
after DC injection, the integration for obtaining the DC 
components of the voltage and current is delayed by the ?rst 
time interval To. The DC voltage and current components 
generated by DC injection circuit 40 are measured by 
voltmeter 61 and ammeter 63 and provided to controller 60, 
as heretofore described, during second time interval T1 to 
avoid the DC transient. DC injection circuit 40 is operated 
in normal mode during time period T2 betWeen the DC 
injection periods T1 and T2 to minimiZe the poWer loss in DC 
injection circuit. 

[0053] Upon completion of the DC injection mode TO and 
T1, the microprocessor of controller 60 calculates the esti 
mated resistance R5 of the stator Windings 12a-12c as 
heretofore described. As is knoWn, based upon the resistance 
R5 of the stator Windings 12a-12c, the temperature of AC 
induction motor 10 may be determined. 

[0054] Various modes of carrying out the invention are 
contemplated as being Within the scope of the folloWing 
claims particularly pointing out and distinctly claiming the 
subject matter Which is regarded as the invention. 
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We claim: 
1. Adevice to estimate resistance of a stator Winding of an 

AC motor, the AC motor having a motor terminal connect 
able to an AC source for providing voltage and current to the 
AC motor, comprising: 

a circuit having a ?rst input node and a second output 
node connectable to the AC source and the output node 
connectable to the motor terminal; 

a sWitch connected in parallel With the resistor circuit, the 
sWitch movable betWeen a ?rst open position and a 
second open position; 

a voltmeter for measuring the DC voltage drop across the 
resistor; 

an ammeter for measuring the DC current supplied to the 
motor terminal; and a digital signal processor opera 
tively connected to the sWitch, the voltmeter and the 
ammeter, the digital signal processor controlling the 
movement of the sWitch betWeen the open and closed 
positions so as to inject a DC voltage and current bias 
to the AC motor and estimating the resistance of the 
stator Winding in response to the DC voltage and 
current bias. 

2. The device of claim 1 Wherein the sWitch is a metal 
oXide-semi-conductor ?eld-effect transistor (MOSFET). 

3. The device of claim 1 Wherein the sWitch is an insulated 
gate bipolar transistor (IGBT). 

4. A method of estimating resistance of a stator Winding 
of an AC motor, the AC motor having a motor terminal 
connectable to an AC source for supplying voltage and 
current to the AC motor, comprising the steps of: 

connecting a resistor circuit and a sWitch in parallel and 
providing the same as a DC injection circuit; 

interconnecting the motor terminal to the AC source With 
the DC injection circuit; 

opening the sWitch during a ?rst half-cycle of each 
complete alternation of the current supplied to the AC 
motor and closing the sWitch during a second half-cycle 
of each complete alternation of the current supplied to 
the AC motor so as to inject a DC voltage and current 
bias to the AC motor; and 

estimating the resistance of the stator Winding in response 
to the DC voltage and current bias. 

5. The method of claim 4 comprising the additional steps 
of: 

measuring a DC voltage betWeen the motor terminal and 
a neutral point during a sample time period and pro 
viding the same as the line-neutral voltage; and 

measuring the DC current injected to the AC motor during 
the sample time period and providing the same as the 
line current. 

6. The method of claim 5 Wherein the resistance of the 
stator Winding is estimated according to the eXpression: 

Rs=Vas/ias 

wherein R5 is the estimated resistance of the stator Wind 
ing; vas is the line-neutral voltage; and ias is the line 
current. 

7. The method of claim 4 comprising the additional steps 
of: 

measuring a DC voltage drop across the sWitch during a 
sample time period and providing the same as a sWitch 
voltage; and 
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measuring the DC current injected to the AC motor during 
the sample time period and providing the same as a line 
current. 

8. The method of claim 7 Wherein the resistance of the 
stator Winding is estimated according to the expression: 

wherein R5 is the estimated resistance of the stator Wind 
ing; vSW is the sWitch voltage; and ias is the line current. 

9. The method of claim 4 Wherein the AC motor includes 
a second motor terminal connected to the AC source by a 
line for providing voltage and current to the AC motor, the 
method comprising the additional steps of: 

measuring a DC voltage drop betWeen the ?rst and second 
motor terminal during a sample time period and pro 
viding the same as a line-line voltage; and 

measuring the DC current injected to the AC motor during 
the sample time period and providing the same as a line 
current. 

10. The method of claim 9 Wherein the resistance of the 
stator Winding is estimated according to the expression: 

wherein R5 is the estimated resistance of the stator Wind 
ing; vab is the line-line voltage; and ias is the line 
current. 

11. The method of claim 4 Wherein the resistor circuit 
includes a resistor. 

12. The method of claim 4 Wherein the sWitch is a 
metal-oxide-semi-conductor ?eld-effect transistor (MOS 
FET). 

13. The method of claim 4 Wherein the sWitch is an 
insulated gate bipolar transistor (IGBT). 

14. The method of claim 4 Wherein the opening and the 
closing of the sWitch occur at Zero-crossing of the current 
supplied to the AC motor by the AC source. 

15. The method of claim 4 Wherein the opening the sWitch 
during the ?rst half-cycle of each complete alternation of the 
current supplied to the AC motor and closing the sWitch 
during the second half-cycle of each complete alternation of 
the current supplied to the AC motor occurs for a predeter 
mined time period. 

16. The method of claim 4 Wherein the ?rst half-cycle is 
a positive half-cycle of each complete alternation of the 
current supplied to the AC motor and the second half-cycle 
is a negative half-cycle of each complete alternation of the 
current supplied to the AC motor. 

17. A method of estimating resistance of a stator Winding 
of a three phase, AC motor, each phase of the AC motor 
connectable to an AC source for supplying voltage and 
current to the AC motor, comprising the steps of: 

providing a resistor circuit and a sWitch in parallel and 
providing the same as, a DC injection circuit; 

interconnecting a ?rst phase of the AC motor to the AC 
source With the DC injection circuit; 

injecting a DC voltage and current bias to the AC motor 
With the DC injection circuit; and 

estimating the resistance of the stator Winding in response 
to the DC voltage and current bias. 
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18. The method of claim 17 Wherein the step of injecting 
the DC voltage and current bias to the AC motor includes the 
steps of: 

opening the sWitch during a ?rst half-cycle of each 
complete alternation of the current supplied to the AC 
motor; and 

closing the sWitch during a second half-cycle of each 
complete alternation of the current supplied to the AC 
motor. 

19. The method of claim 17 Wherein the step of injecting 
the DC voltage and current bias to the AC motor occurs for 
a predetermined time period. 

20. The method of claim 19 comprising the additional 
steps of: 

measuring the DC voltage betWeen the ?rst phase of the 
AC motor and a neutral point during a portion of the 
predetermined time period and providing the same as 
the line-neutral voltage; and 

measuring the DC current injected to the ?rst phase of the 
AC motor during the portion of the predetermined time 
period and providing the same as the line current. 

21. The method of claim 20 Wherein the resistance of the 
stator Winding is estimated according to the expression: 

wherein R5 is the estimated resistance of the stator Wind 
ing; vas is the line-neutral voltage; and ias is the line 
current. 

22. The method of claim 19 comprising the additional 
steps of: 

measuring a DC voltage drop across the sWitch during a 
portion of the predetermined time period and providing 
the same as a sWitch voltage; and 

measuring the DC current injected to the AC motor during 
the portion of the predetermined time period and pro 
viding the same as a line current. 

23. The method of claim 22 Wherein the resistance of the 
stator Winding is estimated according to the expression: 

wherein R5 is the estimated resistance of the stator Wind 
ing; vSW is the sWitch voltage; and ias is the line current. 

24. The method of claim 19 Wherein the AC motor 
includes a second motor terminal connected to the AC 
source by a line for providing voltage and current to the AC 
motor, the method comprising the additional steps of: 

measuring a DC voltage drop betWeen a ?rst and a second 
phase of the AC motor during portion of the predeter 
mined time period and providing the same as a line-line 
voltage; and 

measuring the DC current injected to the AC motor during 
the portion of the predetermined time period and pro 
viding the same as a line current. 

25. The method of claim 24 Wherein the resistance of the 
stator Winding is estimated according to the expression: 

wherein R5 is the estimated resistance of the stator Wind 
ing; vab is the line-line voltage; and ias is the line 
current. 


